Infections in laboratory animal colonies are usually thought of as pathogenic or non-pathogenic.
The non-pathogenic infections comprise organisms that are commensals, even beneficial, and are seldom if ever associated with the production of lesions in their hosts. The pathogens are those that may and do cause overt disease or departures from optimal health.
An animal that has an exclusively non-pathogenic microflora may be referred to as 'SPF'-standing for specific-or specified-pathogen-free-but the presence of pathogenic micro-organisms is not compatible with such a title. There are so many undefined and questionable terms in the preceding paragraph that the whole concept of health, normality and disease in laboratory animals is at issue. Since laboratory animals are produced for a number of specific purposes, their quality must be judged in relation to the needs of the user, rather than against some abstract yardstick. *Present address: CromwellHouse, Huntingdon. Some infections that cause little or no departure from health-as usually conceived-will nevertheless totally disqualify animals for certain purposes: for example Sendai virus in mice for influenza research, or Pseudomonas infection in animals destined to undergo whole-body irradiation.
Generally speaking, however, the user will be satisfied if his animals are free from any condition that interferes with his particular field of investigation, and can be relied on not to develop intercurrent disease that will vitiate his results. He may not know too much about the general biology, the epidemiology or the pathology of the species he is working with. He just wants an animal that will not go bad on him.
The term 'SPF' has been used for many years, and has even been defined (lCLA, 1964) . Lists of pathogens have been compiled (Townsend, 1969) , freedom from which will be held to qualify animals for certain categories of excellence.
But how to prove, continuously, that a colony is free of such pathogens, or even to decide whether the organisms listed are the most relevant for any or all purposes, rather than a compromise that satisfies no one, is still an unsolved problem. Kusina (1969) has suggested that, in the gut of mice, pathogens differ from non-pathogens in the way they coagulate milk, but his argument is somewhat tautological.
So-called 'SPF' animal colonies-the reference is in most cases to rats and mice, but other species are not excluded-all start with hysterectomy-derived foundation stock, either hand-reared (Davey, 1959) or fostered on to germfree or other gnotobiotic stock raised in isolators.
They thus start with only those infections that pass the placenta or are carried in with the donor uterus, together with any others with which they have been deliberately contaminated. They are thereafter reared and bred within a barrier designed to exclude infections that might cause epidemic or endemic disease in the colony.
This barrier concept derives from the germ-free isolator. If germ-free animals can be kept germ-free inside an isolator, which is an absolute barrier against all types of infection, why cannot healthy animals be so maintained behind a barrier that excludes potentially harmful organisms?
But this is a false analogy.
Sterility, or the absence of associated organisms which by definition characterizes the germ-free state, is an all-or-none phenomenon.
No barrier yet devised can be relied on to admit only non-pathogens.
This still begs the question of whether certain micro-organisms should be regarded as pathogens or non-pathogens in this context. Loosli (1967) has drawn attention to infections that readily pass from man to animals, even in the strictest 'SPF' conditions: these include Proteus, Pseudomonas, coliforms and Staphylococcus, all of which can cause disease in animals, but usually do not.
If non-pathogens (or organisms that normally do not cause disease) can get past the barrier, so can frank pathogens, and the history of all 'SPF' colonies is that sooner or later they do. Moreover, the acquisition of micro-organisms by a colony that starts off without them is a cumulative process. Each new organism that gains entry is likely to stay there and not be eliminated, so that the inventory grows until the colony is no longer able to substantiate its original claims. This is a direct and inevitable result of placing the barrier round the whole colony: within the barrier there is little or nothing to prevent organisms already present from passing freely to all the animals in the colony.
It is this cumulative process that condemns all 'SPF' units to eventual failure.
If conditions of management were such that undesirable organisms were removed or rendered innocuous as fast as they were acquired, a state of equilibrium would be established.
If such conditions were at the same time compatible with the convenience of the user, who understandably finds showers and many other details of barrier discipline unacceptable, there would emerge the practical possibility of carrying out long-term experiments, or those demanding equally high and sustained health standards in the animals, without the intercurrent losses that so often occur and sometimes destroy the work of months or years.
THE ROLE OF VENTILATION IN CROSS-INFECTION
In a normal animal room the air is brought in at certain points, and is taken out at certain other points.
The locations of these points of entry and exit have been considered by every ventilating engineer in the business, and the variety of combinations of locations is unlimited.
Some fail to ventilate the room evenly; others are tolerably successful in bringing the same amount of air change to every part of the room.
But the fact that the south west corner of the room is as well ventilated as the north east does not necessarily mean that the cages in these two locations are similarly treated. Open wire cages are likely to receive the same treatment as their immediate surroundings, but solid-walled cages are certainly not. Thus, even if the room is perfectly ventilated the cages will often not share in this perfection.
Merely stepping up the number"of air changes can give the illusion of better ventilation without, in fact, any benefit to the occupants of the cages. These occupants depend, in most cases, on diffusion of air between the interior of the cage and the ambient atmosphere.
In an unpublished report A. A. Tuffery has counted the bacteria that settle on agar plates placed in various parts of a room containing cages of mice. In a room of 2 800 ft 3 (80 m 3) he placed 8 cages, each containing 5 mice. Fresh bedding was sprayed with a culture of Bacillus subtilis var. niger. Other organisms that appeared on the agar plates were for the most part staphylococci,
including Staphylococcus albus and S. aureus.. Bacillus spp.; Proteus spp., presumably of faecal origin; and, rarely, coliforms.
His results are shown in Fig. 1 . I am most grateful to Dr Tuffery for allowing me to refer to this work, the implications of which are highly relevant to the present discussion. 
•. _--_ .. ' . Another factor that is liable to upset the uniform and efficient ventilation of cages is the dust burden of the air in the animal room.
Although the incoming air is usually filtered to remove dust particles down to 5 11m or less, dust is created in the animal rooms, often in large quantities.
The main source of dust is bedding.
Sawdust, shavings and other wood products are bad offenders, but attapulgite granules, peat moss and other materials, as well as food, can be seriously pulverogenic.
Also, the animals themselves shed hairs and integumental detritus, their droppings dry and may be pulverized, as may their liquid secretions and discharges.
A glance at the filters on the air outlets will convince any observer of the size of the dust burden in an animal house where the density of animals is high and the bedding is dusty.
DUAL AETIOLOGY OF RESPIRATORY DISEASE
In a review published in 1941 Robertson discussed the fate of inspired particles in the respiratory tract in various animals, including rats. The destination of inspired particles depends on their size, whether they are liquid or solid, wet or wettable, and on their physical, chemical or biological nature. Some particles can reach the alveoli, where they are phagocytosed and deposited in the peribronchial and perivascular lymphoid nodules. Other particles get no further than the nose, or perhaps the trachea.
Despite the work that Nelson and others have done on respiratory disease in rats and mice, which has been well reviewed by Brennan, Fritz & Flynn (1969) , the condition is still a major problem with rats, especially for long-term experiments.
In the massive confluent bronchopneumonia described by Mawdesley-Thomas (1968) and by Lane-Petter, Olds, Hacking & Lane-Petter (I 970), there is almost certainly a dual aetiology, and this is supported by the views of Brennan et al. (1969) . In Mawdesley-Thomas's cases no infective agent was isolated, although 'a single colony of mycoplasma was cultured'. Ventura & Goucher (1966) have drawn attention to the hyperplasia of the bronchial goblet cells, leading to an exudate in the bronchial lumen that serves to predispose to invasion by Mycoplasma pulmonis.
In these and in other reports there is enough irregularity in the association between massive lung lesions in rats and M. pulmonis to suggest that one or more other factors are involved. Tucker & Wyatt (1967) stated that the inhalation of antigenic particles of dust is 'at least partly responsible for the appearances of murine pneumonia'. Rokos (1962) believed that 'lymphoid tissue accumulation (in the lung) is a non-specific reaction which represents morphological signs of antibody production against different infections'. Organick & Lutsky (1968) have suggested that the perivascular lymphocytic response in the lungs of mice is an immune response, resulting from repeated exposure of the upper respiratory tract to antigenic stimuli. It is worth noting that Smith (1961) found that guinea-pigs were made allergic to milk proteins by being fed on dried whey, which could be inhaled, but not by liquid whey. D. W. Jolly (1969, personal communication) found that sheep dipped in a dip containing as its active ingredient cresylic acid, which is also present in wood shavings and sawdust, developed pneumonia much more often than when other dips were used, and we have frequently remarked on the apparent irritant effect of wood dust from shavings or sawdust.
A low level of lymphocytic infiltration of the lungs of rats, and possibly also low goblet-cell activity, are more likely to be found in colonies that are derived from gnotobiotic foundation stock, are kept in small numbers, at a low density, in wire rather than solid cages. All these conditions favour a low level of antigenic stimulation of the upper respiratory tract.
Mycoplasma pulmonis is a common pathogen in the upper respiratory tract, and it is frequently but not always found in severe lung lesions in rats.
[n 2 out of 34 Charles River rats from U.S.A., R. J. Olds (1969, personal communication) found areas of red hepatization, measuring respectively 6 X 4 X 1 and 4 X 2 X 1 mm; in none of the 34 was mycoplasma found, in either the lungs, the nose or the ears. It is possible that a virus could have been implicated in these cases, and the most likely candidate is Sendai virus (Tyrrell & Coid, 1970) , but attempts to prove the presence of a virus were not successful. Whittlestone & Olds (1970) have shown that intranasal inoculation of mycoplasma does not always produce severe lung lesions, and in a rat from an experiment of ours no mycoplasma was found, despite the presence of a lung lesion measuring 15 X 4 X 2 mm.
As a working hypothesis the following is, therefore, proposed.
In respiratory disease of rats, involving infiltration and consolidation of the lungs and their sequelae, there is a dual aetiology.
By analogy with some types of induced cancer, in which a carcinogen and a co-carcinogen are implicated, respiratory disease in rats is thought to be due to the action of a pathogen and a co-pathogen working synergically.
The most likely candidate, but possibly not the only one, for the role of pathogen is Mycoplasma pulmonis, which is frequently found in the middle and inner ears and in the nose: it is primarily an upper-respiratory-tract pathogen.
The co-pathogen is non-specific, and can be almost anything that provokes an immune response in the lungs, characterized by lymphocytic infiltration.
Among candidates for the role of co-pathogen are the virus of enzootic bronchiectasis described by Nelson (1967) , Sendai virus (Kuroya, Ishida & Shiratori, 1953) , Pasteurella pneumotropica (Brennan et al., 1969) , as well as non-infective agents such as horse serum broth (Organick & Lutsky, 1968) or dust of various kinds. It is conceivable that M. pulmonis itself could be its own co-pathogen: for example, if the rats are exposed to irritant gases, such as sulphur dioxide (Mawdesley-Thomas & Healy, 1969) , carbon monoxide, ammonia on nitrogen dioxide (Buckley & Loosli, 1969) , the goblet cell activity in the trachea will be greatly increased, allowing the mycoplasma to multiply in the mucous secretion out of reach of the host's antibodies.
An extensive growth of mycoplasma in such conditions may act as a non-specific antigen, or co-pathogen, sensitizing the lung to later invasion by the same organism in the role of pathogen.
A DESIGN FOR A VENTILATION-BARRIER SYSTEM 131
Whatever the real situation is, the relationship between Mycoplasma pulmonis and respiratory disease in rats is not a simple one. In nearly all types of respiratory disease good ventilation is important therapeutically, and also prophylactically. The ventilation of cages in many animal rooms often leaves much to be desired, and the development of a filter-rack system seemed to promise some possibility of improvement.
The principle of a filter rack is that each cage receives air that comes directly from the room ventilation system. Alternatively, the air may be taken from the room and passed through a filter to remove dust particles. Either way, each cage is protected by an air barrier from exposure to par- Fig. 2a . Outline of filter rack. The space behind the dotted line is the plenum chamber, into which the air enters from above. The hanging dividers under each shelf effectively separate one cage from the next.
ticulate matter that has come from any other source, including other cages; if the filter rack is connected directly to the ventilation system, each cage receives a constant supply of fresh air. A diagram of a filter rack is shown in Fig. 2 . Certain dimensions are critical. The slits from which the air emerges to pass over the cages should be the full width of the cage, and 3-4 mm high. The air should emerge from these slits at 40 em/sec. The plenum chamber at the back of the rack should be large enough to ensure an even pressure at all exits; in practice, it should be not less than 15 cm deep and extend over the whole of the back of the rack. To reduce entrainment effects, the aperture leading air into the plenum chamber should be large-perhaps some 250 cm 2 cross-section for a rack of average size. The degree of filtration may be a matter of choice, but even quite coarse filtration has been found useful.
Preliminary observations over some 12 months suggest that the filter-rack system does, in fact, offer substantial protection against dust irritation. It is sometimes forgotten that in an ordinary animal room there is constant recirculation of the air and its dust burden, no matter what degree of filtration and conditioning the incoming air is subjected to. Every cage is exposed to air that has been in another cage, and people working in the animal rooms are similarly exposed. It is, therefore, not surprising that even a crude filter rack will improve this aspect of the environment, and it is found that not only do the animals appear to benefit, but that the bedding in the cages stays cleaner longer.
It is not clear whether the advantages so far seen in this system are due to the removal of particles by filtration, to the provision of good air exchange, or to both together.
But the system is cheap and simple, costing little more than a conventional type of rack. The amount of air handled is of the same order as that which is necessary for ventilating animal rooms, and most existing facilities are amenable to adaption to the system, with a little ingenuity and modest expense.
Prolonged observations are necessary to show whether the filter-rack system will contribute to the control, if not the eradication, of respiratory disease in long-term rat experiments, but experience so far suggests that it may be worth a trial. It should be regarded as a possible alternative to the peripheral barrier of 'SPF' animal houses, particularly where this barrier is not compatible with operational convenience.
It may prove to have a greater flexibility in application, in comparison with what must now be referred to as conventional barrier buildings, using the word 'conventional' in its general rather than its special sense. In effect, it utilizes a current of air as part of the barrier, and it places the barrier round the cage, rather than round the building. Kraft (1967) has demonstrated the effectiveness of a filter cap to the cage in limiting the spread of infantile diarrhoea in mice, but the filter cap has certain disadvantages, including an inadequate gaseous exchange, extra labour, and extra shelf height.
The importance of airborne infection in the laboratory animal house is hard to assess accurately, but dust, apart from being sometimes antigenic in itself and also physically or chemically irritant, also can act as a vehicle for micro-organisms.
Poor cage ventilation also encourages the formation of high levels of ammonia and other products of decomposition of excreta. Any factor that detracts from the optimal environment may be expected to make the animals more susceptible to disease, and the role of airborne particles as a vector of infection is not confined to respiratory disease (Moore, ] 957). The filter rack provides better cage ventilation, an overall reduction of the dust level in the animal room and less odour.
Combined with the provision of sterile food and bedding, and clean handling techniques, the use of the filter rack may be compatible with life-time freedom from many of the common infections that afflict experimental animals.
